Epigallocatechin-3-gallate (EGCG) is the most prominent catechin in green tea. EGCG has been shown to modulate numerous molecular targets in the setting of inflammation and cancer. These molecular targets have also been demonstrated to be important participants in reperfusion injury, hence this study examines the effects of EGCG in myocardial reperfusion injury. Male Wistar rats were subjected to myocardial ischemia (30 min) and reperfusion (up to 2 h). Rats were treated with EGCG (10 mg/kg intravenously) or with vehicle at the end of the ischemia period followed by a continuous infusion (EGCG 10 mg/kg/h) during the reperfusion period. In vehicle-treated rats, extensive myocardial injury was associated with tissue neutrophil infiltration as evaluated by myeloperoxidase activity, and elevated levels of plasma creatine phosphokinase. Vehicle-treated rats also demonstrated increased plasma levels of interleukin-6. These events were associated with cytosol degradation of inhibitor κB-α, activation of IκB kinase, phosphorylation of c-Jun, and subsequent activation of nuclear factor-κB and activator protein-1 in the infarcted heart. In vivo treatment with EGCG reduced myocardial damage and myeloperoxidase activity. Plasma IL-6 and creatine phosphokinase levels were decreased after EGCG administration. This beneficial effect of EGCG was associated with reduction of nuclear factor-κB and activator protein-1 DNA binding. The results of this study suggest that EGCG is beneficial for the treatment of reperfusion-induced myocardial damage by inhibition of the NF-κB and AP-1 pathway.
INTRODUCTION
Reperfusion injury following an acute coronary occlusion event is influenced by a host of complex interactive factors that determine the final outcome of the injury. It has been demonstrated that myocardial damage induced by ischemia-reperfusion is caused by reactive oxygen species (1) (2) (3) . Recent experimental reports have suggested that the dysfunction is triggered by the endothelial and myocyte generation of a large burst of oxidant molecules and amplified by accumulation of neutrophils into injured tissue (4) (5) (6) .
These proinflammatory stimuli activate a number of protein kinases, which have the capacity to modulate nuclear factor-κB (NF-κB) or activator protein-1 (AP-1) activity. NF-κB is usually present in the cytoplasm of the cell in an inactive state bound to a related inhibitory protein known as inhibitor κB-α (IκB-α). A common pathway for the activation of NF-κB occurs when its inhibitor protein IκB-α is phosphorylated by IκB kinase (IKK), specifically at the serine-32 and -36 residues of IκB-α (7-10). Phosphorylated IκB-α is targeted for rapid ubiquitination, and then degraded by the 26S proteasome. Degradation of IκB-α unmasks the nuclear translocation sequence of NF-κB, allowing NF-κB to enter the nucleus and direct transcription of target genes (10) . AP-1 is a collective term referring to dimeric transcription factors composed of Jun, Fos, or ATF (activating transcription factor) subunits that bind to the AP-1 binding site on the several proinflammatory genes including the IL-6 promoter (11) .
Epidemiological evidence suggests that tea consumption may have a strong effect on cardiovascular disease (12, 13) , but there is scanty information available about the molecular mechanisms involved in the cardioprotection. Epigallocatechin-3-gallate (EGCG) is a prominent catechin present in green tea. Several experimental studies have reported beneficial effects of EGCG in inflammation and cancer (14) (15) (16) . The molecular mechanisms of EGCG appear to include pleiotropic effects. It has been demonstrated that ingestion of green and black tea significantly increased human plasma antioxidant capacity in vivo (17) . EGCG has been demonstrated to dramatically inhibit chemokineinduced neutrophil chemotaxis in vitro (18) . EGCG possesses antithrombotic activities primarily due its antiplatelet activities (19) . Tea polyphenols have also been noted to induce apoptosis and cell cycle arrest in a wide array of cell lines (20) (21) (22) . In vitro studies demonstrated that cellular targets of EGCG may account for its anti-inflammatory properties including nitric oxide (23) , protein kinase C (20, 24) , activation of extracellular mitogen-activated protein kinases (25) , and STAT-1 (26) .
Previously our laboratory has demonstrated that EGCG is a potent inhibitor of IL-8 gene expression in human respiratory epithelial cells. The proximal mechanism of this effect involves, in part, inhibition of IKK (27) . The purpose of this study was to investigate the effect of EGCG in a rat model of myocardial ischemia and reperfusion injury and to determine its mechanism of action in vivo. An understanding of potential molecular mechanisms targeted by EGCG is essential to design better therapeutic strategies for cardioprotection in reperfusion injury.
MATERIALS AND METHODS

Myocardial Ischemia and Reperfusion
This investigation conforms to the Guide for the Care and Use of Laboratory Animals published by U.S. National Institutes of Health (NIH Publication No. 85-23 revised 1996) and with the approval of the Institutional Animal Care and Use Committee. Male Wistar rats (Charles River) were anesthetized with thiopentone sodium (70 mg/kg intraperitoneally). The right common carotid artery was cannulated to measure mean arterial blood pressure and heart rate by a pressure transducer connected to a Maclab A/D converter (AD Instruments, Milford, MA, USA). The right jugular vein was also cannulated. The trachea was cannulated and artificial respiration was provided by a respirator with a FiO 2 of 0.80 at a frequency of 60 strokes/min and a tidal volume of 1 mL/100 g, to maintain normal PaO 2 , PaCO 2 , and pH. Myocardial ischemia and reperfusion injury was performed as previously described (28) . After opening the chest at the 4th intercostal space, the left main coronary artery was occluded for 30 min by a 4.0 silk suture over a 3-mm air balloon, which was placed on top of the vessel. The occlusion was released after ischemia and reperfusion was allowed for 120 min. Rectal temperature was monitored with a rectal probe and was maintained within 36.5 °C and 37 °C. In a group of rats, vehicle (PBS 1 mL/kg) or EGCG (10 mg/kg) were administered intravenously at reperfusion. These rats then also received 10 mg/kg/h of EGCG during the reperfusion period. In another set of experiments, different groups of rats were sacrificed before the occlusion of the coronary artery (time 0), at the end of 30 min ischemia, and at various time points after reperfusion (30, 60 , and 120 min). Hearts were rapidly harvested. The atria, right ventricles, and major vessels were removed from the hearts, and the left ventricles were used for histological and biochemical studies. A group of rats underwent the above surgical procedure with the exception of artery occlusion and reperfusion and served as sham control group. Saline solution (2 to 3 mL) was administered intraperitoneally to all groups to replace the loss of fluid that occurred during the surgical procedure.
Histopathological Analysis and Damage Score
Tissues were fixed in 4% paraformaldehyde and embedded in paraffin. Sections were stained with hematoxylin and eosin for histological evaluation of tissue damage. To have a quantitative estimation of the histological cardiac damage, sections (n = 6 to 8 for each experimental group) were scored by 2 independent observers blinded to the experimental protocol. The following morphological criteria were considered: score 0, no damage; score 1 (mild), interstitial edema and focal necrosis; score 2 (moderate), diffuse myocardial cell swelling and necrosis; score 3 (severe), necrosis with presence of contraction bands and neutrophil infiltrate; score 4 (highly severe), widespread necrosis with presence of contraction bands, neutrophil infiltrate, and hemorrhage.
Myeloperoxidase Activity
Myeloperoxidase activity was determined as an index of neutrophil accumulation, as previously described (28) . Cardiac tissues, collected 120 min after reperfusion, were homogenized in a solution containing 0.5% hexa-decyl-trimethylammonium bromide dissolved in 10 mM potassium phosphate buffer (pH 7) and centrifuged for 30 min at 20000g at 4 °C. An aliquot of the supernatant was allowed to react with a solution of tetra-methylbenzidine (1.6 mM) and 0.1 mM H 2 O 2 . The rate of change in absorbance was measured by spectrophotometry at 650 nm. Myeloperoxidase activity was defined as the quantity of enzyme degrading 1 µmol of hydrogen peroxide/min at 37 °C and expressed in units per 100 mg weight of tissue.
Plasma Creatine Phosphokinase Activity
Plasma levels of creatine phosphokinase were evaluated as an index of cardiac cellular damage by using a commercial kit (Sigma, St. Louis, MO, USA).
Subcellular Fractionation and Nuclear Protein Extraction
Tissue samples were homogenized with a poltroon homogenizer in a buffer containing 0.32 M sucrose, 10 mM Tris-HCl (pH 7.4), 1 mM ethylene glycol tetraacetic acid (EGTA), 2 mM ethylenediaminetetraacetic acid (EDTA), 5 mM NaN 3 , 10 mM β-mercaptoethanol, 20 µM leupeptin, 0.15 µM pepstatin A, 0.2 mM phenylmethanesulfonyl fluoride (PMSF), 50 mM NaF, 1 mM sodium orthovanadate, and 0.4 nM microcystin. The homogenates were centrifuged (1000g, 10 min) and the supernatant (cytosol + membrane extract) collected for evaluation of IκBα content and IKK activity as described below. The pellets were solubilized in Triton buffer (1% Triton X-100, 150 mM NaCl, 10 mM Tris-HCl (pH 7.4), 1 mM EGTA, 1 mM EDTA, 0.2 mM sodium orthovanadate, 20 µM leupeptin A, 0.2 mM PMSF). The lysates were centrifuged (15000g, 30 min, 4 °C), and the supernatant (nuclear extract) was collected for evaluation of phosphorylated c-Jun and DNA binding of NF-κB and AP-1 (29) .
Western Blot Analysis
Western blot analysis was used to identify the cellular content of IκB-α in cytosol extracts and phosphorylated c-Jun in nuclear extracts. Cytosol or nuclear lysates were boiled in loading buffer (125 mM Tris-HCl (pH 6.8), 4% sodium dodecyl sulfate, 20% glycerol, and 10% 2-mercaptoethanol), and 50 µg protein was then loaded onto a 8% to 16% Tris-glycine gradient gel. Proteins were separated electrophoretically and transferred to a nitrocellulose membrane. For immunoblotting, membranes were blocked with 5% nonfat dried milk in Tris-buffered saline for 1 h and then incubated with primary antibody specific for IκBα or phosphorylated c-Jun. The membrane was washed in Tris-buffered saline with 0.1% Tween 20 and incubated with secondary peroxidase-conjugated antibodies. Immunoreaction was visualized by chemiluminescence.
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Kinase Activity Assays
IKK activity was determined by immune complex kinase assay and was estimated as the ability to phosphorylate glutathion-Stransferase-IκB-α (29) . After immunoprecipitation of lysate with specific antibody directed to IKKγ, the immunoprecipitate was incubated for 30 min at 30 °C in 40 µL of reaction buffer (25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (pH 7.6), 20 mM MgCl 2 , 20 mM glycerolphosphate, 0.1 mM sodium orthovanadate, 2 mM dithiothreitol, 25 µM adenosine triphosphate (ATP), and 5 µCi of [γ-32 P]ATP. Glutathion-S-transferase-IκBα (4 µg) was used as substrate for IKK complex. Reaction products were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and visualized by autoradiography.
Electrophoretic Mobility Shift Assay
Electrophoretic mobility shift assays (EMSA) were performed as previously described (30) . An oligonucleotide probe corresponding to AP-1 consensus sequence (5′-CGCTTGATGACTCAGC-CGGAA-3′) and the NF-κB consensus sequence (5′-AGT TGA GGG GAC TTT CCC AGG C-3′) was labeled with γ-( 32 P)ATP using T4 polynucleotide kinase and purified in Bio-Spin chromatography columns (BioRad, Hercules, CA, USA). Ten micrograms of nuclear protein were preincubated with EMSA buffer (12 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (pH 7.9), 4 mM Tris-HCl (pH 7.9), 25 mM KCl, 5 mM MgCl2, 1 mM EDTA, 1 mM dithiothreitol, 50 ng/mL poly (d[I-C]), 12% glycerol (v/v), and 0.2 mM PMSF on ice for 10 min before addition of the radiolabeled oligonucleotide for an additional 10 min. Excess of unlabeled oligonucleotide was added in some samples for competition to verify the specificity of NF-κB and AP-1 binding (data not shown). Protein-nucleic acid complexes were resolved using a nondenaturing polyacrylamide gel consisting of 5% acrylamide (29:1 ratio of acrylamide:bisacrylamide) and run in 0.5X TBE (45 mM Tris-HCl, 45 mM boric acid, 1 mM EDTA) for 1 h at constant current (30 mA). Gels were transferred to Whatman 3M paper, dried under a vacuum at 80 °C for 1 h, and exposed to photographic film at -70 °C with an intensifying screen.
Materials
The antibodies directed to IκBα, IKKγ, and the oligonucleotide probe for NF-κB consensus, and AP-1 were obtained from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). The antibody for phosphorylated c-Jun (phosphorylated at serine 63 and 73) was obtained from Cell Signaling Technology (Beverly, MA, USA). EGCG was purchased from Sigma Aldrich (St. Louis, MO, USA); the drug was dissolved in PBS solution. All other chemicals were from Sigma/Aldrich.
Data Analysis
All values in the figures and text are expressed as mean ± SEM of n observations, where n represents the number of rats (n = 3 to 8 animals for each group). The results were examined by analysis of variance followed by the Bonferroni's correction post hoc t test. Statistical analysis of scores was performed using the MannWhitney U test. A P value less than 0.05 was considered significant.
RESULTS
Effect of In Vivo Treatment with EGCG on Myocardial Injury
Severe myocardial tissue infarction was observed in vehicletreated rats subjected to occlusion (for 30 min) and reperfusion (for 120 min) of the left coronary artery. Histological examination of the hearts revealed marked necrosis of the tissue with development of contraction bands. (Figure 1B) The degree of damage (on a scale of 0 to 4) in vehicle-treated rats averaged 3.60 ± 0.12. EGCG-treated rats were treated with a bolus dose of EGCG 10 mg/kg at the end of the ischemia period followed by 10 mg/kg/h intravenous infusion for the entire period of reperfusion. Myocardial histology of EGCG-treated rats demonstrated mild architectural alterations characterized by interstitial edema and localized necrotic areas. This attenuation in architectural derangement was observed throughout the distribution area of the left coronary artery and not confined to the border zone of the ischemic region (see Figure 1C for representative sections). The damage score was significantly reduced when compared with vehicle-treated rats (2.25 ± 0.15; P < 0.05).
The derangement of myocardial histology in vehicle-treated rats was accompanied with elevated levels of plasma creatine phosphokinase (1100 ± 112.58 U/L) compared with sham control value of (117.6 ± 31 U/L; P < 0.05; Figure 2 ). On the contrary, EGCG-treated rats demonstrated a significant attenuation of myocardial injury as evidenced by reduced plasma creatine phosphokinase activity (399 ± 40.23 U/L; P < 0.05) when compared with vehicle-treated rats (see Figure 2) .
Effect of In Vivo Treatment with EGCG on Plasma Interleukin-6 Levels
Interleukin (IL)-6 is an inflammatory marker that is derived from hypoxic myocytes and from ischemic-reperfused myocardium (31) . As expected, IL-6 levels were significantly elevated after myocardial ischemia and reperfusion in vehicletreated rats (1312.83 ± 224.6 pg/mL) when compared with sham control animals (132 ± 21 pg/mL; P < 0.05). Treatment with EGCG reduced plasma IL-6 levels (494 ± 92.3 pg/mL; P < 0.05) indicating decreased cytokine response after ischemia and reperfusion ( Figure 3) .
Effect of In Vivo Treatment with EGCG on Neutrophil Infiltration
Reperfusion after ischemia is characterized by the accumulation of neutrophils in the myocardial tissue. Myeloperoxidase activity, an enzyme specific to granulocyte lysosomes, correlates to the number of neutrophils and hence to the degree of reperfusion injury. Myeloperoxidase activity was significantly elevated after myocardial ischemia and reperfusion in vehicletreated rats (29.30 ± 2.29 U/100 mg tissue) when compared with sham control animals (2.96 ± 1.13 U/100 mg tissue). Treatment with EGCG reduced myeloperoxidase activity (18.73 ± 1.8 U/100 mg tissue), thus suggesting a reduction in neutrophil infiltration (Figure 4 ).
Effect of In Vivo Treatment with EGCG on Pressure-Rate Index and Hemodynamic Parameters
The pressure-rate index was measured as an approximation of myocardial oxygen consumption. In vehicle-treated rats, the pressure-rate index declined shortly after occlusion of the left Figure 2 . Effect of in vivo treatment with EGCG on plasma levels of creatine phosphokinase in rats subjected to myocardial ischemia and reperfusion (I-R). Each data point represents the mean ± SEM of 6 animals for each group. EGCG-treated rats received a bolus dose of EGCG 10 mg/kg at the end of the ischemia period followed by 10 mg/kg/h intravenous infusion for the entire period of reperfusion. *P < 0.05 compared with sham operated rats control); # P < 0.05 versus vehicle-treated rats subjected to myocardial ischemia and reperfusion (I-R + vehicle). Effect of in vivo treatment with EGCG on plasma IL-6 levels in rats subjected to myocardial ischemia and reperfusion (I-R). Each data point represents the mean ± SEM of 6 animals for each group. EGCGtreated rats received a bolus dose of EGCG 10 mg/kg at the end of the ischemia period followed by 10 mg/kg/h intravenous infusion for the entire period of reperfusion. *P < 0.05 compared with control; # P < 0.05 compared with vehicle-treated rats subjected to myocardial ischemia and reperfusion (I-R + vehicle). Effect of in vivo treatment with EGCG on MPO activity in rats subjected to myocardial ischemia and reperfusion (I-R). Tissue MPO activity was measured in myocardial tissue in vehicle-treated and EGCG-treated rats and compared with control rats. Each data point represents the mean ± SEM of 6 animals for each group. EGCG-treated rats received a bolus dose of EGCG 10 mg/kg at the end of the ischemia period followed by 10 mg/kg/h intravenous infusion for the entire period of reperfusion.*P < 0.05 compared with control; # P < 0.05 compared with vehicle-treated rats subjected to myocardial ischemia and reperfusion (I-R + vehicle).
ARTICLES coronary artery and was still decreased upon reperfusion ( Figure 5 ). The reduction of the pressure-rate index reflected a reduction of mean arterial blood pressure at the end of the ischemia and the reperfusion period when compared with basal control values, whereas heart rate was not significantly modified (data not shown). Rats treated with EGCG also showed a similar decrease in the pressure-rate index at the end of ischemia and at the end of reperfusion (see Figure 5) . Measurements of hemodynamic parameters indicated that mean arterial blood pressure and heart rate were comparable to vehicle-treated rats.
Effect of In Vivo Treatment with EGCG on Activation of NF-κB
To investigate the cellular mechanisms by which treatment with EGCG may attenuate reperfusion-induced injury, we evaluated the activation of NF-κB, a transcription factor centrally involved in the signal transduction of the inflammatory process. In vehicletreated rats reperfusion after myocardial ischemia resulted in the activation of NF-κB. Increased DNA binding of NF-κB was present at 60 min after reperfusion in vehicle-treated rats ( Figure 6A ). This binding of DNA was significantly abrogated in rats treated with EGCG (see Figure 6A ).
Effect of In Vivo Treatment with EGCG on Degradation of IκBα and Activity of IKK
The common pathway for activation of NF-κB involves phosphorylation of its inhibitor protein IκB-α by IKK. A Western blot analysis showed that the cytosolic content of IκB-α was reduced at 30 min in hearts of vehicle-treated rats. IκB-α content further declined at 60 min after reperfusion thus indicating the occurrence of degradation. IκB-α content was then replenished at 120 min after reperfusion in vehicle-treated rats (see Figure 6B) . On the contrary, a marked attenuation of IκB-α degradation was present in rats treated with EGCG. This attenuation was marked at 30 and 60 min after onset of reperfusion (see Figure 6B) . We next determined the effect of EGCG on IKK activation and IκB-α degradation. A time-course analysis showed that IKK was activated in a time-dependent manner after reperfusion in vehicle-treated rats (see Figure 6C ). Consistent with this data, EGCG also inhibited the increase of IKK activity after reperfusion (see Figure 6C ).
Effect of In Vivo Treatment with EGCG on Activation of AP-1 and Phosphorylation of c-Jun
AP-1 activity has been implicated as playing an important role in the inflammatory response by modulating gene expression of several inflammatory mediators including IL-6 transcription. We then examined DNA binding of AP-1 after myocardial ischemia reperfusion. In vehicle-treated rats, a marked increase in DNA binding of AP-1 occurred at 120 min while there was minimal activation of AP-1 at 30 and 60 min. Treatment with EGCG significantly reduced AP-1 activation ( Figure 7A ). Because phosphorylation of c-Jun is a prerequisite of AP-1 dimerization and activation (32), we next examined the content of phosphorylated c-Jun in nuclear extract after myocardial ischemia reperfusion. A weak phosphorylation of c-Jun was observed in sham control animal (that is, at time 0). However, in vehicle-treated rats phosphorylation of c-Jun was increased in a time-dependent manner after reperfusion (see Figure 7B ). In rats treated with EGCG phosphorylation of c-Jun was markedly attenuated at all time points (see Figure 7B ).
DISCUSSION
After myocardial ischemia, the 1st few minutes of reperfusion are of critical importance as lethal myocardial injury commences at this point. There is substantial evidence that neutrophils are recruited to the ischemic reperfused myocardium, where they release reactive oxygen and nitrogen species (33, 34) . These species can have deleterious effect on the myocytes and the coronary vascular endothelial cells thus causing myocardial injury. In addition, ischemic-reperfused myocytes release cytokines, that is, IL-6 and TNF-α, that can further activate neutrophils, thus enhancing reactive species generation and extending the infarcted area. The overwhelming production of proinflammatory mediators can lead to arrhythmia, contractile dysfunction, and cardiomyocyte death (4, 6) . In our study, we demonstrated that EGCG markedly attenuates the myocardial injury after ischemia and reperfusion. This cardioprotection was also associated with decreased IL-6 production and decreased neutrophilic infiltration as measured by myeloperoxidase (MPO) assay.
It is difficult in vivo experiments to rule out a direct effect of EGCG on MPO and to establish the exact mechanisms by which EGCG inhibits neutrophil infiltration. Our data are supported by previous in vitro findings that demonstrated that this catechin inhibits leukocyte infiltration as evaluated by histology and MPO activity assay in human skin exposed to ultraviolet rays (35, 36) .
Activation of NF-κB is a very early regulatory event during reperfusion and precedes the occurrence of oxidative damage, infiltration of neutrophils, and architectural alteration in the myocardium. Because EGCG also reduced reperfusion-induced activation of IKK, degradation of IκB-α, and activation of NF-κB, our results suggest that EGCG exerts cardioprotective effects by inhibiting the inflammatory process at the early event of the transcription mediated by the NF-κB pathway.
Several in vitro studies have proposed that activation of IKK complex is an essential step for NF-κB activation because the kinase phosphorylates IκB-α allow its degradation (37) . Our study demonstrates that EGCG is an effective inhibitor of IKK activity in vivo. This is consistent with our in vitro data demonstrating that EGCG inhibits TNF-α-mediated IKK activation in human epithelial cells (27) . Similarly, Yang and colleagues showed that EGCG in concentrations of 50 to 200 µM inhibited IKK activity in an intestinal epithelial cell line (38) . The presence of a gallate group in EGCG appeared to confer the specificity to blocking IKK activation. Antioxidants, such as pyrrolidinedithiocarbamate and N-acetylcysteine, inhibit IKK activation by deactivating reactive oxygen species that may serve as intermediates upstream to IKK (39, 40) . Thus it is possible that EGCG, which is an antioxidant (41) , may also block the activation of IKK by scavenging the reactive oxygen species. In summary, although it is difficult to establish the exact in vivo mechanisms of action of EGCG, our data taken together with the previous studies suggests Figure 6 . Effect of in vivo treatment with EGCG on the activation of NF-κB, IKK activation, and IκB-α degradation in rats subjected to myocardial ischemia and reperfusion. EGCG-treated rats received a bolus dose of EGCG 10 mg/kg at the end of the ischemia period followed by 10 mg/kg/h intravenous infusion for the entire period of reperfusion. A: Representative autoradiograph of electrophoretic mobility shift assay for NF-κB binding hearts of vehicle-treated rats at 0 (sham value), 30, 60, and 120 min after reperfusion. B: Representative Western blot analysis demonstrating the effect of vehicle or EGCG on IκB-α degradation at 0 (sham value), 30, 60, and 120 min after reperfusion. Western blot analysis is representative of 3 separate experiments performed at different times. that EGCG may inhibit IKK/NF-κB pathway by either inhibiting IKK directly and/or indirectly by modifying the redox state of the inflammatory site.
Activation of the nuclear transcription factor AP-1 has been reported to have an important role in myocardial ischemia and reperfusion injury. AP-1 activity is controlled by signaling through the JNK family of MAP kinases (29) . It has been demonstrated that during reperfusion oxidative stress leads to activation and translocation of JNK to the nucleus, where phosphorylation of transcription factors, such as c-Jun occurs (30, 42) . Several studies support the hypothesis of a positive synergy between NF-κB and AP-1 (43) . In our study we demonstrated that both AP-1 and NF-κB are increased in areas of infarction. A similar activation of NF-κB and AP-1 occurs during reperfusion in other previously ischemic organs and tissues, such as brain and liver (44, 45) . While more studies are needed to clarify the role of AP-1 in myocardial ischemia/reperfusion injury, it is conceivable that the beneficial effects of EGCG may be also mediated by inhibition of the AP-1 pathway.
Our data is in agreement with other studies that have demonstrated that EGCG affects several signaling mechanisms in inflammation. Menegazzi and colleagues showed that interferon-γ-induced STAT-1 activation in carcinoma-derived cell lines of non-gut origin was blocked by EGCG (46) . In another study, Watson and colleagues demonstrated that EGCG significantly reduced INF-γ-induced STAT1 activation in T84 epithelia and THP-1 monocytes/macrophages (47) .
Epidemiological studies have suggested the preventive effect of green tea consumption against atherosclerosis and coronary heart disease (48-51). There is scanty evidence about the amount of tea that needs to be consumed to confer protection against myocardial ischemia reperfusion injury. In a prospective study, Mukamal and colleagues examined tea consumption in 1900 patients in the Myocardial Infarction Onset Study, a study that examined patients with myocardial infarction presenting to community hospitals in the United States (52) . In this study, tea consumption was assessed by questionnaire and patients were followed for 3.8 y. This study demonstrated that mortality was lower among moderate tea drinkers (<14 cups per week) and heavy tea drinkers (>14 cups per week) (52) . Another randomized crossover trial showed that shortand long-term black tea consumption could reverse endothelial dysfunction in patients with documented coronary heart disease (13). The current study provides a plausible mechanism as to how tea is beneficial in cardiovascular disease.
On the other hand, there are no reports of clinical toxicity on consumption of green tea in large quantities, as is prevalent in some cultures. Although there are no data available regarding the pharmacokinetics following intravenous green tea injection, Chow and colleagues have reported that it is safe to take green tea polyphenol products in amounts equivalent to the EGCG content in 8 to 16 cups of green tea once a day or in divided doses twice a day for 4 wk (53). Nevertheless, further investigation is required to establish the optimal concentrations of catechins and/or their metabolites for potential therapeutics or prophylactic use.
In conclusion, we have demonstrated that EGCG protects against myocardial reperfusion injury in vivo by a specific inhibition of the IKK/NF-κB and AP-1 pathway. Thus, EGCG and related compounds may present a novel therapeutic strategy for modulating the inflammatory processes that occur during the reestablishment of blood flow after myocardial infarction.
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